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Technology-development  motivators  are 
regulatory,  economic,  and  social 


o 

3  o> 
D)  o> 
0) 


C  Cl 
(D  (0 

c  ^ 
c. 

(D  (O 

E  h- 
<  O 


2  c 
to  ^ 

3  5 
G)^ 

O  z 


c/)  £ 

§> 

CJ5  f  % 

£  o 

i*_  (0 

o  c/> 


O  < 


C  ^  CO 

O  TO  £ 
c  Q.  55 

o 


UJ  • 


Environmental  consciousness 
Health  risks 


Th©  CAAA 1990  contsins  three  titles  closely 
related  to  new  technologies  (e.g.,  NTPs) 
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Calls  for  stat6-of-art  pollution  control  oquipment 
Require  changes  in  equipment,  processes,  treatment 


Non-thermal  plasmas  (NTPs)  are  a  type  of  advanced 
oxidation  &  reduction  process  which  use  free 
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Electronic  feedback  for  optimal 
process  control. 
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Not  the  whole  story  -  O3  &  H2O2  can  directly  generate  OH  in  water. 


Prospective  applications  of  NTP  technology  to 

off-gas  treatment: 
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T reatment  of  heterogeneous  wastes 
Processing  of  special  materials 


-thermal  Plasmas  Decompose  Pollutants 
tive  Species  Generated  In  the  Process  Gas 
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The  radical  production  efficiency  (G-value) 
depends  on  the  gaseous  eiectronics.  Radical 
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krad  is  the  rate  constant  for  radical  formation  (e.g.,  a  dissociation 
rate  constant,  which  depends  on  E/N),  and/or  other  rate 
constants. 
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Oas-phase  plasma  chemical  Plasma  chemical  decomposition 
decomposition  is  driven  by  of  VOCs  produces  a  variety  of 

electron  Impact  and  radical  terminal  nrnHnf^te 
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pollutant  at  high  mole  fraction,  hence  HCI  +  NaOH  ^  NaCI  +  HjO 
electron  channel  dominates.)  COCIj  +  HzO^  2HCI  +  CO, 
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The  presence  of  SO2  recycles  OH  radicals  &  reduces 
effective  de-NO^  energy  cost 
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With  ammonia  (NH,)  addition,  usefui  particulates 
(fertilizer)  can  be  formed  from  NO. 
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A  QGnGralizGcl  rGmovGl  GCjUGtion  dGpGnds  on  plGsms 
chGmistry  (radical  yialds),  rGaction  chamistry,  and 
appliGd  plasma  spGcific  Gnarav. 


and,  h^rice  thd  degree  of  removal 
PQ/  Pdo  dhows  no  dependence  pn  the 
initial  dOncentration  Ddn  ■ 


Example  removal  data  for  various  compounds 


E  (kJ/std  lit)  E  (kJ/std  lit) 


Scaling  laws  for  pollutant  removal 
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Here,  the  energy  cost  per  molecule  is  expressed  in  terms  of  the  p-value,  the  degree  of  removal,  and  the 
initial  concentration. 


Scaling  laws  for  pollutant  removal  (cont’d) 


plasma  specific  energies  of  50  J/liter  and  20  J/liter.  NO  is  one  of  several  compounds  whose 
p-value  is  not  very  sensitive  to  the  initial  concentration;  therefore,  the  removal  energy  costs 
decrease  as  the  concentration  increases  (note  200  ppm  case  vs  100  ppm  case). 


Example:  NOx  -  removal  power  requirement  depends 
on  exhaust  gas  flow  rate,  characteristic  specific 
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Example  NTP-equipment  designs 
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NTP  reactor  injects  radicals  formed  in  bleed  gas  into 
main  reactor. 


Pulsed  Corona  System 
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Dielectric-Barrier  (Silent  Discharge)  System 
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Electron-Beam  System 
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Serial-Mode  NTP-Adsorber  System 
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Regenerative-Mode  NTP-Adsorber  System 
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Corona  Radical  Shower  System 
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We  have  provided  economic  analyses  for  three 
hybrid  NTP  systems  compared  to  conventional 
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Cost  comparisons  for  various  de-NO^  systems 


Cost  comparisons  for  various  de-NOx  systems  (cont’d. 
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Cost  comparisons  for  commercial  Tecolytic™  modified 
dielectrc-barrier  NTP  reactor  system  for  de-NO  /SO 


NOx  Removed  (%) 


Comparison  of  SVE  off-gas  technology  cost 
attributes  by  generai  technology  type: 
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range  of  concentrations  and  gas  flow  rates  in  remediation  of 
hydrocarbons  (~  100  J/L  p-value).  Study  from  Cummings  &  Booth,  LANL 
(1996). 
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First  Year  Cash  Flow  Requirement 


High  Flow  Rate,  Short-term  Remedial  Action 
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Figure  1. 


Cost  Comparison  at  Low  Flow  Rate,  Short-term  Remedial  Action 
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Figure  2.  Cost  Comparison  at  Low  Flow  Rate,  Long-term  Remedial  Action 


VOC  Concentration  (ppm) 


•  Figure  1  shows  adsorption  and  free  radical  technologies  are  competitive  at  the  low 
flow  rate  across  a  range  of  concentrations,  over  the  short  term 

•  The  high  capital  cost  of  thermal  technologies  makes  them  an  impractical  choice  for 
remediation  under  these  conditions 


*  Figure  2  shows  adsorption  technologies  are  cost  effective  only  at  low  concentrations 
over  the  long  term 

•  Free  radical  technologies  are  the  most  cost  effective  alternatives  at  concentrations 
above  200  ppm 


Figure  3. 


Cost  Comparison  at  High  Flow  Rate,  Short-term  Remedial  Action 
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Figure  4.  Cost  Comparison  at  High  Flow  Rate,  Long-term  Remedial  Action 
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Figure  3  shows  adsorption  and  free  radical  technologies  are  competitive  at  the  high 
flow  rate  only  at  low  VOC  concentrations  over  the  short  term 

Thermal  technologies  become  competitive  with  adsorption  at  higher  VOC  concentrations 
Free  radical  technologies  are  the  most  cost  effective  alternatives  at  concentrations 
above  200  ppm 


Figure  4  shows  thermal  and  free  radical  technologies  are  the  most  cost  effective 
choices  at  the  higher  flow  rate  over  the  long  term 

The  high  operational  costs  associated  with  adsorption  technologies  causes  them  to 
lose  cost  effectiveness  over  the  long-term  schedule  as  concentrations  increase 


plasma  power  for  each  5-SCFM 
unit  is  about  10  kW. 


Results  from  VOC  tests  at  McClellan  AFB 
(with  prototype  SDP  equipment) 


J> 

<D 

i. 

§ 

ill 

cb 

CO 

H! 

00 

Hi 

IHI 

CO. 

05 

1 2 1 J  ^ 


O  iO  ID  iD 

m  ^ 

Gi  a> 


S  <J>  CO  CD  O  O  CO  cb  iD  o 

O  ^CO  ID  ID  ID  ID  csr  CO  CO  ID  ;  ID 


Iliiii 

illlllilll 

XM 

CO 

Los  Alamos 


Ideas  for  the  future. 
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Example:  THg  two-stage  process  allows 
considerable  flexibility  in  waste  feeds  and  feed 
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species  and  the  destruction  of  the  waste. 


Summary 
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applications  is  proposed. 

Present  trends  for  emerging  NTP  technologies  are  favorable.  However,  rigorous  pilot- 
plant  tests  are  required  to  provide  further  data  and  operating  experience  to  more  fully 
evaluate  economic  and  performance  projections. 
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